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(57) ABSTRACT 

An array is formed With a protective cover on a substrate. The 
protective cover is patterned to produce an array of openings 
to the substrate. Desired material is deposited on the substrate 
through the openings. The protective cover may then be 
removed. In one embodiment, the protective cover is a con 
formal polymer, such as di-para-xylylene. It may be removed 
by mechanical peeling. The material may be biological mate 
rial such as DNA. The protective cover may be used to prevent 
non-speci?c hybridization in inter-spot regions by perform 
ing hybridization With the cover still in place. Hybridization 
that occurs in such regions between the spots may be removed 
With removal of the protective cover. 

15 Claims, 3 Drawing Sheets 
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PROTECTIVE COATING FOR ARRAY 
MATERIAL DEPOSITION 

RELATED APPLICATION 

This application claims priority to US. Provisional Appli 
cation Ser. No. 60/502,416 (entitled EM CHIPS-EN 
HANCED MICROARRAY CONSTRUCTION AND 
HYBRIDIZATION IMPROVMENETS USING A POLY 
MER SURFACE, ?led Sep. 12, 2003) Which is incorporated 
herein by reference. 

GOVERNMENT FUNDING 

The invention described herein Was made With US. Gov 
ernment support under Grant Number 0124938 aWarded by 
the National Science Foundation (NSF). The United States 
Government has certain rights in the invention. 

BACKGROUND 

Arrays of biological material have become a core technol 
ogy used to advance studies in numerous ?elds. A variety of 
such arrays have been developed, including DNA microar 
rays, protein/antibody microarrays, and tissue microarrays 
indicating the broad appeal and utility of this approach. The 
explosion in popularity of arrays has led to an equally daz 
zling explosion of data that can be gathered from biological 
processes. Arrays have been used in studies on the nervous 
system, cancer, environmental toxicology, and reproductive 
biology. Microarrays may eventually produce personalized 
medical information for individual patients. These are just a 
feW of the numerous applications for microarrays that have 
been published to date. 
DNA arrays, in particular, have become an attractive means 

of studying biological processes. In these arrays, DNA frag 
ments are positioned at high density on a solid support, such 
as on glass slides or on nylon membranes. To apply the DNA, 
robotics are used to “spot” or spray DNA on the surface at set 
intervals. The array therefore comprises a large number up to 
~100,000 With current technology) of individual spots of 
DNA located at discrete intervals on the slide. A competing 
technology that has also been heavily used are Affymetrix 
arrays, Which use photolithography to synthesize DNA in situ 
on silicon Wafers. 

The explosion in popularity of such arrays has led to the 
introduction of numerous novel array methodologies, includ 
ing neW means of printing arrays (e.g. different means of 
depositing DNA on the array surface), novel array platforms 
(eg those not employing traditional glass or nylon based 
supports;), and array analysis packages (e.g. commercial or 
academic software). 

It has become increasingly obvious, hoWever, that current 
array technology, While still evolving, is limited by method 
ological and technological barriers that limit the sensitivity, 
and therefore the utility, of the technique. The utility is limited 
by a failure to achieve uniform deposition of materials on the 
array and a failure to eliminate non-speci?c hybridization to 
the array. The ability to improve either of these critical areas 
Would greatly increase the utility and sensitivity of microar 
ray techniques. 

SUMMARY 

An array is formed With a protective cover on a substrate. 
The protective cover is patterned to produce an array of open 
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2 
ings to the substrate. Desired material is deposited on the 
substrate through the openings. The protective cover may 
then be removed. 

In one embodiment, the protective cover is a conformal 
polymer, such as di-para-xylylene. It may be removed by 
mechanical peeling. The material may be biological material 
such as DNA. 

In one embodiment, the protective cover includes at least 
tWo layers. For example, the ?rst layer may be polyethylene 
oxide, and the second may be a conformal polymer. Each 
layer could be individually patterned and modi?ed. 

In one embodiment, the array is an array of spots of bio 
logical material adhered to the substrate. The biological mate 
rial is substantially uniformly distributed Within each spot. 

In yet a further embodiment, the protective cover is left in 
place during hybridization and is used to prevent non-speci?c 
hybridization in inter-spot regions. Hybridization that occurs 
in such regions betWeen the spots may be removed With 
removal of the protective cover. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A, 1B, 1C, 1D, 1E, 1F, 1G and 1H are cross section 
block representations of an example process for forming and 
using biological microarrays. 

FIG. 2 is a ?uorescent image of an example microarray of 
auto?uorescent DNA deposited using the process of FIG. 1. 

FIG. 3 is an image created by a commercial microarray 
reader of an example hybridized DNA microarray using the 
process of FIG. 1. 

DETAILED DESCRIPTION 

In the folloWing description, reference is made to the 
accompanying draWings that form a part hereof, and in Which 
is shoWn by Way of illustration speci?c embodiments Which 
may be practiced. These embodiments are described in suf 
?cient detail to enable those skilled in the art to practice the 
invention, and it is to be understood that other embodiments 
may be utilized and that structural, logical and electrical 
changes may be made Without departing from the scope of the 
present invention. The folloWing description is, therefore, not 
to be taken in a limited sense, and the scope of the present 
invention is de?ned by the appended claims. 

FIGS. 1A through 1H are cross section block representa 
tions of an example process for forming and using biological 
microarrays. In FIG. 1A, a protective layer 105 is formed on 
a substrate 110. In one embodiment, the protective layer 105 
comprises a conformal polymer layer that is vapor deposited 
on the substrate 110, such as silicon substrate. The polymer 
layer is Parylene C or di-para-xylylene in one embodiment. 
Other materials With desired characteristics may also be used. 
Multiple materials may be deposited sequentially or simulta 
neously. The protective layer 105 adheres someWhat Weakly 
to the surface of the substrate 110. 

In FIG. 1B, a photoresist, or other type of patterning layer 
115 that may be used to form patterns using photolithography 
type techniques is applied on top of the protective layer 105. 
The patterning layer 115 is selectively exposed to light as 
indicated at 117 and 118. While a positive resist is indicated, 
negative resists may also be used, as Well as other patterning 
type layers that are used for different types of patterning, such 
as x-ray lithography or microcontact printing. 

In FIG. 1C, the exposedportions of the patterning layer 115 
are removed, leaving openings 120 and 125 of various desired 
sizes. FIGS. lAthrough 1H only shoW tWo such openings, but 
are representative of an array of openings in just about any 
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desired size, shape and pattern. An n><m array, Where n and m 
are integers is formed in one embodiment. The number of 
openings may vary from one to thousands and more. The use 
of the patterning layer provides the ability to provide an array 
of spots of uniform desired size. 

FIG. 1D illustrates the results of further etching of the 
protective layer Where exposed in openings 120 and 125, 
forming spots on the substrate. In one embodiment, reactive 
ion etching is used to pattern the Parylene. The patterning 
layer 115 is then removed as seen in FIG. 1E. 

The surface of substrate 110 exposed through openings 120 
and 125 may be functionalized as indicated in FIG. 1F prior to 
application of biological materials. For a DNA material, a 
silane treatment (3-APTS) indicated at 130 enhances DNA 
adsorption to the surface. Further chemical procedures may 
be used to covalently link many different types of molecules. 

In FIG. 1G, a material 145 and 150 is applied. The material 
may be a biological material in one embodiment, or metals, or 
other non-biological material, such as polystyrene beads, to 
Which biological materials can be attached. The material 
binds to substrate 110 in areas de?ned or constrained by the 
openings 120 and 125. It may also bind to the remaining 
protective layer 105. As seen in FIG. 1H, removal of the 
protective layer 105 removes the material that Was not bound 
to the substrate, leaving Well de?ned spots 145 and 150 of the 
material. In one embodiment, the protective layer is removed 
by simple peeling it off in a single continuous sheet, leaving 
the de?ned spots 145 and 150 essentially intact and undam 
aged by processing steps. 

The protective layer 105 provides the ability to constrain 
arrays With very small openings. This can result in increased 
sensitivity Which may be due to increased uniformity of depo 
sition When the array is hybridized after removal of the pro 
tective layer 105. 

In one embodiment, hybridization of a biological material 
is alternatively performed after removal of the protective 
layer 105, or prior to removal of the protective layer 105. 
Ideally, binding only occurs on the biological material spots 
that have been formed. HoWever, some inter-spot binding 
may occur, Which could lead to di?iculty in detecting and 
processing data from the array. If hybridization occurs prior 
to removal of the protective layer 105, the inter-spot binding 
occurs on the protective layer 105, it is removed With the 
protective layer, providing an array With binding essentially 
only in the desired spots. This can increase the signal to noise 
ratio When reading the hybridized arrays, since there is little if 
any interspot hybridization to contribute to noise. When 
coupled With the increased sensitivity provided by the con 
strained spots of biological material, the overall sensitivity of 
the array is greatly increased. 

In one embodiment, Parylene-coated substrates are gener 
ated containing a variety of different sized patterns as seen at 
200 in FIG. 2. Uniform patterns may be created on glass 
slides, mimicking current existing technologies, or may be 
formed on silicon or other substrates as desired. In FIG. 2, the 
patterns are formed With square shaped spots ranging from 30 
um to l um. Other sizes and shapes, such as circles, ovals, 
triangles etc., may also be formed. 

Fluorescent DNA may be obtained by ordering a commer 
cially synthesized oligonucleotide that had been conjugated 
to a ?uorescent chromophore (FITC). The FITC-coupled 
oligo may then be applied to a Parylene coated substrate and 
imaged With ?uorescent microscopy. One example produced 
is that shoWn in FIG. 2 at 200. DNA deposition occurs in 
spaces created by the pattern in this initial test condition. 
Moreover, as the size of the opening decreases, deposition 
appears to become highly uniform, as evidenced by the even, 
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4 
?uorescent image. DNA can be deposited on the surface of 
the Parylene-array, thereby simulating the “printing” of 
arrays With DNA. 

Patterning of the protective layer helps constrain the depo 
sition and drying of the biological material, such as DNA. 
This improves uniformity of the biological material spots. 
Uniformity may be due to increasingly constraining the DNA 
corresponding to the smaller spot size. The method of form 
ing an array described herein also provides patterns that are 
better de?ned than that Which could be achieved by spotting 
alone. 

In standard DNA microarray experiments, the DNA is 
spotted onto the array, but the DNA itself does not ?uoresce. 
This array is then hybridized With a ?uorescently labeled 
population of nucleic acids. Excess, unbound ?uorescent 
nucleic acid is Washed aWay, and the slide is then scanned. In 
order to mimic this procedure, non-?uorescently-labeled 
DNA may be spotted on the surface of a Parylene-array using 
a microarrayer. This unlabeled DNA may be a mixture of a 
variety of different DNAs, and Will hybridize to ?uorescently 
labeled nucleic acid made from various tissues. 

After the printed, Parylene-array is produced, a Cy5 ?uo 
rescently labeled population of cDNA is produced by stan 
dard means (WWW.microarrays.org; aminoallyl labeling pro 
tocol). This Cy5-labeled population is then applied to the 
Parylene-array. Note that the Parylene has not been removed, 
and functions to protect the inter-spot regions. After hybrid 
ization, excess, unbound Cy5-DNA may be removed by 
Washing. 

After Washing, the Parylene is then peeled off of the array. 
In principle, this Will remove non- speci?c hybridization from 
inter-spot regions, as Well as leaving behind speci?c signal 
bound to spotted DNA. An example array formed using this 
process is shoWn in FIG. 3. It Was visualized by employing a 
commercial microarray reader. As can be seen, speci?c 
hybridization occurs to DNA bound Within the openings left 
by the Parylene. Moreover, there is very loW inter-spot 
hybridization. 

This concept can be multiplexed and reiterated. Different 
cover materials may be deposited on a substrate that can be 
individually patterned. In one embodiment, polyethylene 
oxide is deposited on a substrate prior to deposition of di 
para-xylylene. The di-para-xylylene is patterned ?rst, and 
materials are deposited Within the pattern. The polyethylene 
oxide layer may then be subsequently patterned to produce 
openings Within the deposited material. 

Biological material is constrained to desired spots on sub 
strate, forming a pattern, such as an array. By forcing spotted 
materials into user-de?ned regions of the array, an increase in 
uniform deposition can be accomplished. In one embodi 
ment, a polymer, di-para-xylylene (Parylene C), is used. It 
can be vapor-deposited on any given substrate and patterned 
using standard photolitho graphic techniques. The result is the 
creation of microfabricated openings of de?ned dimensions 
that expose the underlying substrate surface. 

Materials applied to the surface of a Parylene-pattemed 
array Weakly bind to the underlying substrate via openings in 
the Parylene, and not to portions of the substrate that are not 
exposed. The pre?x, “micro” is used throughout this descrip 
tion, and is not meant to be limiting. It is merely re?ective of 
current trends to conserve the use of biological materials by 
reducing dimensions of devices. 
The Parylene also provides a protective coating betWeen 

spots on the array. Non-speci?c hybridization to interspot 
regions can lead to high levels of background signal. This 
background signal can obscure any true signal bound to the 
spot itself. In one embodiment, the protective layer is hydro 
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phobic. This provides a protective barrier to prevent non 
speci?c binding to interspot regions. The protective barrier 
can be removed after sample hybridization. As a result, any 
non-speci?c binding that may have occurred to the barrier 
Will also be removed. Parylene C is used in one embodiment 
to protect the inter-spot regions. Parylene adheres Weakly to 
various substrates, and is easily removed after hybridization. 
By improving uniformity and reducing non-speci?c hybrid 
ization, the utility and sensitivity of microarray techniques 
may be enhanced. 

The methods described herein are not limited to any par 
ticular polymer, substrate, spotting method, hybridization 
method, or scanning method. Given the pace With Which 
developments are made in microarray technology and in 
polymer chemistry, We envision that other polymers Will 
eventually be developed Whose properties may exceed that of 
Parylene C. For example, these next-generation polymers 
could simply be dissolved With a particular solvent rather than 
mechanically removed. A novel substrate other than glass 
may prove to have better retentive properties and able to bind 
larger quantities of DNA. NeW spotting methods, such as 
inkj et printing, may become more Widespread. Moreover, it is 
likely that the size of microarrays Will shrink even further. 
Array scanners are likely to improve in resolution and Will be 
able to image smaller and smaller spots. Other ?uorescent 
dyes and hybridization protocols may be developed. 

The methods described are not limited to use in connection 
With only one protective cover. Methods suitable for use in 
connection With the processes described above include form 
ing a plurality of protective covers over the surface of a 
substrate, forming a stack of a plurality of protective covers 
on a substrate, and forming a stack of a plurality of protective 
covers on a plurality of protective covers formed over the 
surface of the substrate. Further, openings can be provided 
that penetrate the plurality of protective covers to the sub 
strate. And openings can be provided that penetrate feWer 
than the number of the plurality of protective covers neces 
sary to penetrate to the substrate. Thus, materials, such as 
biological materials, pharmaceutical materials, and DNA, 
can be processed in the openings formed in the plurality of 
protective covers independent of Whether the openings pen 
etrate to the substrate. Further, the methods include removing 
one or more of the protective covers from the plurality of 
protective covers in the processing of the desired materials. 
A method comprising: forming a pattern of a plurality of 

protective covers formed from a plurality of materials on a 
substrate; selectively patterning a ?rst one of the plurality of 
protective covers to produce a ?rst array of openings to the 
substrate; selectively patterning a second one of the plurality 
of protective covers to produce a second array of openings to 
the substrate; and removing one or more of the plurality of 
protective covers. 

The method further comprising depositing a ?rst desired 
material on the substrate through the ?rst array of openings to 
the substrate, depositing a second desired material on the 
substrate through the second array of openings to the sub 
strate, forming one or more protective covers on the plurality 
of protective covers and processing the plurality of protective 
covers and the one or more protective covers to form an array 

of openings into Which to deposit one or more desired mate 
rials. 
A further method comprising: forming a plurality of pro 

tective covers on a substrate; patterning a ?rst protective 
cover of the plurality of protective covers to produce a ?rst 
array of openings to the substrate; depositing a ?rst desired 
material on the sub strate through the openings; removing the 
?rst protective cover of the plurality of protective covers to 
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6 
expose a second protective cover of the plurality of protective 
covers; patterning the second protective cover of the plurality 
of protective covers to produce a second array of openings to 
the substrate; depositing a second desired material on the 
substrate through the second array of openings to the sub 
strate; and removing the second protective cover of the plu 
rality of protective covers. 

Yet a further method comprising: forming a stack of a 
plurality of protective covers on a substrate; and processing 
the stack of the plurality of protective covers to form a plu 
rality of sites on at least a plurality of the stack of the plurality 
of protective covers on Which to deposit a desired material. 

Still a further method comprising: forming a stack of a 
plurality of protective covers on a substrate; and processing 
the stack of the plurality of protective covers to form a plu 
rality of sites on at least a plurality of the stack of the plurality 
of protective covers on Which to deposit a desired material. 

Yet still a further method comprising: forming a plurality 
of protective covers on a substrate; processing the plurality of 
protective covers to form one or more openings to the plural 
ity of protective covers and one or more openings to the 
substrate; depositing a desired material in at least one of the 
one or more openings to the plurality of protective covers; and 
removing the plurality of protective covers. 
A method comprising: forming a plurality of protective 

covers on a substrate; patterning a ?rst protective cover of the 
plurality of protective covers to produce a ?rst array of open 
ings to the substrate; depositing a ?rst desired material on the 
substrate through the openings; removing the ?rst protective 
cover of the plurality of protective covers to expose a second 
protective cover of the plurality of protective covers; pattem 
ing the second protective cover of the plurality of protective 
covers to produce a second array of openings to the substrate; 
depositing a second desired material on the substrate through 
the second array of openings to the substrate; and removing 
the second protective cover of the plurality of protective cov 
ers. 

In all of these instances, this invention could continue to 
contribute to increased uniformity and decreased non- spe 
ci?c hybridization. These features Will undoubtedly remain 
critical in any neW technological advance. Moreover, photo 
lithographic techniques may be used to create nanometer 
sized openings in the Parylene. While these concepts have 
been demonstrated With DNA microarrays, Parylene-arrays 
can be used to pattern other materials as Well. These can be 
biological; e. g. cells, proteins, RNA, lipids; or non-biological 
e.g. metals. In addition, the described invention can be mul 
tiplexed and repeated With different materials, creating pat 
terns Within patterns. 

TheAbstract is provided to comply With 37 C.F.R. §l.72(b) 
to alloW the reader to quickly ascertain the nature and gist of 
the technical disclosure. The Abstract is submitted With the 
understanding that it Will not be used to interpret or limit the 
scope or meaning of the claims. 
The invention claimed is: 
1. A method comprising: 
forming a pattern of a plurality of protective covers formed 

from a plurality of materials on a substrate; 
selectively patterning, using a patterning layer to create a 

pattern, a ?rst one of the plurality of protective covers to 
produce a ?rst array of openings to the substrate; 

selectively patterning, using the patterning layer to create a 
pattern, a second one of the plurality of protective covers 
to produce a second array of openings to the substrate; 

removing one or more of the plurality of protective covers; 
depositing a ?rst desired material on the substrate through 

the ?rst array of openings to the substrate; and 
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depositing a second desired material on the substrate 
through the second array of openings to the substrate; 

Wherein at least one of the ?rst and second desired mate 
rials comprises DNA; and further comprising hybridiZ 
ing the DNA prior to removing respective protective 
covers. 

2. The method of claim 1, further comprising: 
forming one or more protective covers on the plurality of 

protective covers. 

3. The method of claim 2, further comprising: 
processing the plurality of protective covers and the one or 
more protective covers to form an array of openings into 
Which to deposit one or more desired materials. 

4. A method comprising: 
forming a plurality of protective covers on a substrate; 

patterning a ?rst protective cover of the plurality of protec 
tive covers to produce a ?rst array of openings to the 

substrate; 
depositing a ?rst desired material on the substrate through 

the openings; 
removing the ?rst protective cover of the plurality of pro 

tective covers to expose a second protective cover of the 
plurality of protective covers; 

patterning the second protective cover of the plurality of 
protective covers to produce a second array of openings 
to the substrate; 
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8 
depositing a second desired material on the substrate 

through the second array of openings to the substrate; 
and 

removing the second protective cover of the plurality of 
protective covers. 

5. The method of claim 4 Wherein at least one of the ?rst 
and second desired materials comprises DNA. 

6. The method of claim 5 and further comprising hybrid 
iZing the DNA prior to removing respective protective covers. 

7. The method of claim 6 Wherein the protective cover is 
removed by mechanical peeling. 

8. The method of claim 6 Wherein the DNA is hybridiZed 
With a ?uorescently labeled nucleic acid. 

9. The method of claim 6 Wherein the protective cover 
comprises a polymer. 

10. The method of claim 9 Wherein the polymer is di-para 
xylylene. 

11. The method of claim 1 Wherein the protective covers 
are removed by mechanical peeling. 

12. The method of claim 1 Wherein the DNA is hybridiZed 
With a ?uorescently labeled nucleic acid. 

13. The method of claim 1 Wherein the protective cover 
comprises a polymer. 

14. The method of claim 13 Wherein the polymer is di-para 
xylylene. 

15. The method of claim 1, Wherein the patterning layer 
comprises a photoresist. 

* * * * * 


